services provided by nature, illegal poachers, animal traffi ckers and a plethora of outlaws were well aware of the value of animals and plants. Parts of illegally hunted animals are sent everyday across the planet to feed traditional 'medicinal' markets in Asia or to 'decorate' homes in the western world. And other times, illegally hunted animals remain in their countries of origin. Still vivid in my mind are the images, 15 years ago in Durban, South Africa, of an openair market were local 'witch doctors' were selling parts of dead animals, from hands of monkeys to undefi ned parts of crocodiles, shark cartilage, and a plethora of other animal remains for 'medical' and 'magical' purposes. But Barnosky does not only focus on the negative impacts of humankind in biological diversity -he also offers a wide spectrum of possible solutions to halt the loss of biological diversity and discuss their pros and cons.
Among some of the most controversial strategies to prevent the extinction of species touched upon this book is the resurrection, using frozen fossil remains of extinct species and even of whole ecosystems. But does it make sense from a conservation point of view to bring back to life an extinct or a functionally extinct species? Take, for example, the case of the northern sub-species of the white rhinoceros. Only three individuals remain and they are not able to reproduce. A new plan using stem cells and in vitro reproduction has been recently proposed, but with an economic cost of several million dollars. Is it sensible to spend that amount of money to 'resuscitate' an individual of this sub-species, while the same threat factors, illegal hunting and habitat destruction, are still out there? Would it not be more sensible to use those economic resources to stop and to mitigate the threats, rather than bringing an already gone species back to life? Similar arguments are made by Barnosky, and they serve to advocate caution about the potential implications of some bio-technological advancements in conservation biology. More reasonable are, in my humble opinion, many of the proposals, found throughout the book, to halt biodiversity loss, such as more effi cient food production strategies or to scale up the development of cleaner energy sources (i.e., wind turbines).
The lessons readers will extract from Dodging Extinction: Power, Food, Money, and the Future of Life on Earth may vary, but a clear message arises across the book: we need to re-defi ne our relationship with planet Earth. In my view, the history of the relationship between we humans and the planet we inhabit resembles two of the main symbiotic relationshipscommensalism and parasitism. From the origin of our species until the Neolithic revolution, hunter-gatherer populations were in a commensalism relationship with the planet, using the resources that were offered without damaging its global health. Later and since the inception of the agriculture and pastoralism, sapiens sapiens relates to the planet under the form of a parasitic relationship, benefi ting to a great extent from the resources of its host, but largely reducing the biological health of the Biosphere. And now, in the Anthropocene, we may be witnessing a radical change in this relationship.
Parasitic relationships do not always fi nish with the death of the host, but our relationship with the natural world we know may be heading in that direction. In the same manner as some fungi are able to control the brains of ants ('zombie ants') for their own benefi t and fi nally kill them, we may face the risk of manipulating the Biosphere even beyond a 'zombie' state and irreversibly damage it. However, we still have time to change this outcome. The book fi nishes with a positive message, and Barnosky urges citizens, leaders, politicians and scientists to collectivelly act and walk away from the Sixth Mass Extinction. I think most readers will fi nd in this book a great journey about the relationship of our own species with the planet we inhabit, and will understand why biological diversity is collapsing and what we should do to prevent it. What were the earliest infl uences on your decision to become a scientist? I grew up in a lower middleclass family. All my grandparents were immigrants to the US. However, we were the fi rst in the neighborhood to get a color television. It was the size of
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R828 Current Biology 26, R823-R837, September 26, 2016 a refrigerator and barely fi t in our small living room. So my fi rst role model was Jacques Cousteau. I was fascinated by his underwater TV specials. I was particularly enthralled by the incredible variety of undersea creatures that he fi lmed. I was and still am immensely fascinated by the diversity of biological forms. Unfortunately, I could not sign aboard the Calypso (Cousteau's research vessel), but, even in my neighborhood, there was one group of readily observable organisms with stunning variety -bugs. During my childhood, when people asked what I wanted to be when I grew up, I would proudly answer, "An entomologist." This was tremendously amusing to my working-class parents, but at the same time, I also think they were quite proud.
How did you pick your undergraduate and grad school institutions? For college, I wanted to go someplace distant but not too distant from home. My older brother was the fi rst in the family to attend college, but he went to a college in Philadelphia and commuted from home. I drew a circle about 5 hours car distance from Philadelphia. I did not much like cold so I looked south to the College of William and Mary in Virginia. It is a state school and, at least at that time, quite a bargain. My parents were paying and I wanted to keep expenses low. It was a great experience and, my freshman year, I took a small colloquium class with a newly hired assistant professor there, Larry Wiseman. We became friends, and it was my fi rst real introduction into research. Later, when it came time to decide on grad school, I elected to go to Princeton, to work with Larry's graduate mentor, Mal Steinberg. Again, that was a great experience, and it was there that I really started to become a cell biologist. The Steinberg lab was interested in cell adhesion. I took on the task of trying to isolate adhesion molecules from epidermal desmosomes. And I succeeded. Do you recall the fi rst talk you gave outside of your home institution of Princeton? Yes, I remember it vividly. My mentor, Mal Steinberg, had been asked to deliver a talk at a Gordon Conference on the desmosome work. He elected not to go and sent me in his place. I was terrifi ed, and I worked very hard on my talk, particularly on the timing, so I would end on schedule. Well the time came to give my talk. It was the last talk of the evening session, and the bar had opened some time earlier. One thing Mal Steinberg emphasized by example was that your jokes were at least as important as your data. So I gave my talk. However, my careful planned timing was completely ruined by the fact that I had not accounted for the amount of time it would take the laughter in the room to rise and die down after each punchline. Are you interested in the specifi cs? Ok, I will infl ict just one on you. To Mal Steinberg the pun was the highest mode of comedy. I proposed that the adhesion molecules we had identifi ed in desmosomes should be named desmogleins. I then related that this term was derived from the Greek words desmos for link and glia for glue, thus linking glue. Following that setup, I went on, "And it is a name we are very much hoping will stick." After the talk, as I was leaving the stage, a very proper professor with a most intense British accent asked, "Am I to understand that you are a degree candidate?" I never truly understood whether he was complimenting me or admonishing me. How about more general advice, things you have learned along the way? Ok, I will try to impart what I think are important life lessons. Again there are two things. I have come to believe that the most important gift you can give someone else is your undivided attention, your time. So my advice is, don't multitask while you are interacting with someone, on the phone or in person. Second, don't forget to have fun, both in and out of the lab. Do at least some experiments for the fun of it. Find something outside the lab that will keep you sane.
What do you do outside the lab for fun? Do you have any hobbies?
What I used to do, with my wife who, as mentioned, is also a full-time scientist, was raise two kids. Between that and the lab there wasn't much time for anything else. Then amazingly, the kids grew up and I suddenly had extra time. I really was not keen on putting that time into yet more work. I fell in with some fellow scientists at my institution, younger than I, who were into exercise, particularly running. So that became my 'fun' activity. This year I managed to achieve a major milestone for myself when I successfully completed my fi rst Boston marathon.
That is an accomplishment. Do you have any good running stories? I do have a pretty good post-run story. I fi nished a run and went into the grocery store one day. I was wearing a science T-shirt with my institution's name on it. A portly man in the checkout queue peered at my shirt and said, "Humph, when are you scientists going to fi gure out the secret to eternal youth?" I thought for a moment and said to him, "Oh, we've fi gured out that one already." He brightened up and said, "Really? What is it?" I replied "Exercise." His face just fell.
What do you think is the most interesting topic in biology? That's easy -exobiology. I think it would be the most exciting achievement in history to discover life on other planets. I just hope I am around to see it come to some fruition. How life might have developed under other circumstances is, I think, the most interesting topic now potentially amenable to our understanding.
What is your pet peeve about science? At the moment, it is the tendency of public relations people at research institutions to insist on asking how your current research will cure cancer or heart disease or whatever. There seems to be a deep resistance to just tell the story of basic research because they think the lay public needs to hear about how you will cure disease. But, in my experience, when I have been talking with lay people, they immediately grasp the importance of basic research, because really that is where all the truly innovative ideas and technological breakthroughs fi rst appear. They also identify with and get caught up in the spirit of discovery for its own sake. People are smart enough to realize that new knowledge is important for its own sake as well as for the yet unknown paths where it might lead to important practical outcomes.
How do you go about convincing lay people about the importance of basic research? It really isn't hard because, as I mentioned, people are primed to love the idea of new discoveries. Deep down, nearly everyone appreciates the importance of simply understanding how things work. But sometimes, in communicating with the public, it is better to describe the goal in terms to which they can fully relate. The best way I have found to do this is to use analogies. I have several, but one I like the best is one that that I stole from my departmental colleague, Dean Dawson. It goes like this. Your car is running poorly so you take it to your mechanic. Your mechanic pops the hood on the car, looks at the engine and says, "Wow, look at all these parts in here. I wonder what they all do?" Do you think your mechanic will have an easy time fi xing your car? The same is true for our cells. It is very diffi cult to fi x cellular diseases such as cancer if we lack basic understanding of how cells work. What cell biologists are trying to do is write the shop manual for the cell. Unfortunately, cells are infi nitely more complex than automobiles, so this is a challenging but nonetheless essential task.
How has biology changed since you started your career? In cell and developmental biology, when I started doing experiments as an undergrad and grad student, results were generally very descriptive, documented with example pictures. Indeed, mathematics was never my strong point and that was one of the attractions of cell biology. It had little math. But science has caught up with me. Almost everything we do now is quantifi ed. The rise of large data sets, digital imaging, and useful modelling have all contributed to making cell biology a much more quantitative enterprise. This is a good thing, and I have had to adapt. I now appreciate the crucial importance of quantitative science for comprehending the tremendous complexity of how cells work.
What is the most exciting experiment done in your lab?
There have been many really exciting experiments over the years, but usually it takes a while to analyze and understand the signifi cance of an experiment or set of experiments. There is one, though, which was crystal clear immediately, and it was one I personally carried out. That makes it a particular favorite to me. We were collaborating with Rey Chen who was in Andrew Murray's lab. Rey had isolated the vertebrate homolog of one of the most important proteins of the spindle checkpoint pathway, the system that arrests mitosis when the spindle is disrupted with drugs. I microinjected the antibody to the protein into mammalian cells. What happened was just magical. Within a few minutes of injecting R830 Current Biology 26, R823-R837, September 26, 2016 © 2016 Elsevier Ltd. the antibody, each injected cell launched into anaphase well before the chromosomes had aligned at the metaphase plate. Now these cells were not treated with drugs, they were simply progressing normally through mitosis. This showed that in mammalian cells, unlike in yeast, the spindle checkpoint pathway was essential in every mitosis.
What has surprised you most about being a scientist? I think what has surprised me the most about academic science is how incredibly social the whole enterprise is. Many lay people have this stereotype of the scientist toiling away in isolation. As scientists know, this is far from the truth. The people are what make the journey so much fun. Of course, when people interact, there are bound to be confl icts. My advice in those situations is to get mad, use the anger as fuel to generate a resolution, then forget it. I am constitutionally incapable of holding a grudge against someone. I consider that one of my strong points.
After your career is over, how would you like to be remembered? Well, I wasn't planning on going anywhere anytime soon. I do think old scientists have a responsibility to get out the way for younger people. But somehow the defi nition of 'old' seems to retreat one year just around the date of my birthday. But to answer your rather weighty question, I resort to the tactic I often use when serving on grant review panels. I ask my fellow panelists to consider how the fi eld would be affected if the grant applicant were to be abducted by aliens. What I have done in life is to try to affect people positively. In the lab, I think I and my lab colleagues have done pretty well in coloring outside the lines, being non-conventional, and thereby making important and surprising discoveries. I hope that my own fi nal review panel deems that my own abduction would have had signifi cant negative consequences for the people I have known and for science. Bio-what? Bio-logging! Bio-logging refers to a device -a bio-logger -attached to an animal, either directly or mounted on a collar or harness, or even implanted in the animal, that provides data about the animal's movement, behaviour, or physiology (Figure 1 ). Bio-loggers are also increasingly used to collect data that focus on the animal's environment rather than on the animal itself; the animal acts as a bio-monitor, with attached loggers gathering data as the animal moves within (and reacts to) its environment. The data generated by bio-loggers can be saved onto on-board memory for later retrieval, relayed to remote receivers carried by people or positioned at key locations, or uploaded to satellites, sometimes even using the Global System for Mobile communications to receive the latest location of your tagged individual by SMS to mobile devices.
How did bio-logging start?
Since the early 1900s, marking techniques, such as bird ringing, have provided information on survival rates of animals and information about their movements. However, for devices to record data, the scientifi c community had to wait until the second half of the century. In 1964, Gerald Kooyman fi tted Weddel seals (Leptonychotes wedelii) with devices that recorded depth against time on a smoked glass disc. Since then, the development of new technologies, such as Global Positioning Systems (GPS), which started in 1995, and subsequent miniaturisation of these technologies have allowed researchers unprecedented insight into the behaviour and ecology of a variety of species. The greatest scientifi c impact has been in studies of marine mammals and birds where direct observation is diffi cult or impossible.
What have we learned from biologging? A lot! In the 5 th Bio-logging symposium held in Strasbourg in 2014, around 90% of the work presented involved birds or marine animals, mainly focusing on space use applications, but the range of species and contexts in which bio-logging is being used continues to grow. Nowadays, bio-loggers are being deployed on insects as small as cockroaches and mammals as big as blue whales and provide all sorts of data. For example, combining GPS (animal position) and acceleration (animal motion) have allowed us to quantify the incredible maneuverability of wild cheetahs pursuing prey, or the aerodynamic interactions of fl ocking birds.
What are the main challenges when attaching bio-loggers? A prime concern is animal welfare, which is paramount in bio-logging studies and should be considered at every stage of research, from animal capture and handling to device attachment and retrieval. It is also crucial to quantify the short-and long-term consequences of bio-logging for study animals. Depending on species and context, considerations will differ, but considering the size and shape of the bio-logger is critical. Regarding weight for instance, the rule of thumb is that any bio-logger and the paraphernalia used to attach it to an animal should weigh no more than 2-5% of the animal's total body weight. But loggers must also not signifi cantly impact on the animal's interaction with conspecifi cs (e.g. colourful loggers may alter interaction dynamics) or heterospecifi cs (e.g. individuals with loggers could become more conspicuous to a potential predator). A famous example of such negative effects comes from work with king penguins (Aptenodytes patagonicus), where a research team showed that attached fl ipper bands led to lower survival and reproduction over a 10-year period. Harnesses or collars are the most commonly used methods to attach bio-logging devices to animals. But when researchers are using loggers to track movement, they must consider how the motion of a logger housed in a collar or harness relates to the motion of the animal under investigation. Imagine we wanted to record a person's commute to work on a bicycle with an accelerometer. Depending on where we fi tted the device (e.g. the knee or head of the rider, or the wheel or seat of the bicycle) it would return a very different signal. The differences that arise from logger location become paramount when studying animals' posture or activity levels, for instance. 'Glued on' loggers provide an advantage in this respect, providing more accurate data. Furthermore,
